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© Method of manufacturing a semiconductor device having a cylindrical electrode. 



© In a method of manufacturing a semiconductor 
device with a cylindrical electrode (64) by partially 
deleting an electrode-forming film (61) which is 
formed to cover a block (58a) and has a specific film 
portion, a covering film (62) is formed at first to 
cover the electrode-forming film. The electrode-for- 
ming film is made of one of a conductive material 
and a semiconductive material. Next, the covering 
film is etched so that the covering film has a particu- 
lar film portion which is unetched to form a protec- 
tive wall (63) covering the specific film portion. Sub- 
sequently, the electrode-forming film Is etched with 
the block and the particular film portion preventing 
the specific film portion from being etched. As a 
result, the cylindrical electrode is formed by the 
specific film portion that is unetched. Thereafter, the 
block and the particular film portion are removed. 
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FIG. 7 



Rank Xerox (UK) Business Ser/ces 

0. 10/3.09/3.3.41 



PACE 11/62 • RCVD AT 3/24/2008 11:30:21 AM [Eastern Standard Time] ■ SVR:USPTO-EFXRF-1/15- DNIS:2738300 ' CSID: 5032744 622 ■ DURATION (mm-ss):31-30 



03/24/06 08:35 FAX 5032744622 



MARGER JOHNSON 



81012 



1 EP 0 595 360 A1 2 



Background of the Invention: 

This invention relates to a method of manufac- 
turing a semiconductor device having a cylindrical 
electrode. 

A recent technical development has brought 
about a semiconductor device which is capable of 
providing various electric parts, such as a dynamic 
random access memory (DRAM) and others. 

A conventional DRAM comprises a plurality of 
stacked capacitors. In the manner known In the art, 
each of stacked capacitors includes a cylindrical 
electrode. 

Such a cylindrical electrode can be made in 
the method which will be described in the follow- 
ing. At first, a support member or a block is made 
of a silicon oxide on a semiconductor tip. Next, the 
support member is covered with an electrode-for- 
ming film which is made of onB of a conductive 
material and a semfconductive material. Thereafter, 
the electrode-forming film is applied with an- 
isotropic etching known in the art As a result, the 
electrode-forming film is partially deleted to form 
the cylindrical electrode. Such a method Id dis- 
closed in a paper contributed by K. tguchi et al to 
1991 Symposium on VLSI Technology. Technical 
Digest, page 1 1 and will later be described In detail 
with reference to the drawing. 

In the above-mentioned method, the support 
member has a side surface which is also etched 
during the anisotropic etching. Accordingly, the cy- 
lindrical electrode has a thickness which inevitably 
becomes thin. This results in reduction of a me- 
chanical strength. In the worst case, no cylindrical 
electrode is formed at all 

Summary of the Invention: 

It is therefore an object of this invention to 
provide a method of reliably and readily manufac- 
turing a semiconductor device having a cylindrical 
electrode. 

It is another object of this invention to provide 
a method of the type described, which can readily 
form the cylindrical electrode having a sufficient 
thickness. 

Other objects of this invention will become 
clear as the description proceeds. 

According to an aspect of this Invention, there 
Is provided a method of manufacturing a semicon- 
ductor device having a principal surface and a 
cylindrical electrode on the principal surface. The 
method includes the steps of forming a block on 
the principal surface, forming an electrode-forming 
film to cover the block, and partially deleting the 
electrode-forming film from the block to produce 
the cylindrical electrode. The electrode-forming film 
is made of one of a conductive material and a 



semlconductive material and has a specific film 
portion which is for forming the cylindrical elec- 
trode. In the method, the partially deleting step 
comprises the steps of forming a covering film to 

5 cover the electrode-forming film, etching the cover- 
ing film so that the covering film has a particular 
film portion which is unetched to cover the specific 
film portion, and etching the electrode-forming film 
with the block and the particular film portion pre- 

70 venting the specific film portion from being etched. 

According to another aspect of this invention, 
there is provided a method of manufacturing a 
semiconductor device having a principal surface 
and a cylindrical eiectrode on the principal surface. 

76 The cylindrical electrode has a first and a second 
electrode element. The method comprises the 
steps of forming a block on the principal surface, 
forming a first electrode-forming film to cover the 
block, the first electrode-forming film being made 

20 of one of a conductive material and a semiconduc- 
tlve material and having a first specific film portion 
which is for forming the first electrode element, 
providing a first particular film portion to cover the 
first specific film portion, forming a second elec- 

25 trode-forming film to cover the first electrode-for- 
ming film and the first particular film portion, the 
second electrode-forming film being made of one 
of a conductive material and a semlconductive ma- 
terial and having a second specific film portion 

30 which Is for forming the second electrode element, 
providing a second particular film portion to cover 
the second specific film portion, and etching the 
first and the second electrode-forming films with 
the block and the first particular film portion pre- 
ss venting the first specific film portion from being 
etched and with the first and the second particular 
film portions preventing the second specific film 
portion from being etched. 

According to still another aspect of this inven- 

40 tion, there Is provided a method of manufacturing a 
semiconductor device having a principal surface 
and a cylindrical electrode on the principal surface. 
The cylindrical electrode having a first, a second, 
and a third electrode element each of which is 

45 cylindrical around an axis perpendicular to the prin- 
cipal surface. The method comprises the steps of 
forming a block on the principal surface, forming a 
first electrode-forming film to cover the block, the 
first electrode-forming film being made of one of a 

so conductive material and a semlconductive material 
and having a first specific film portion which is for 
forming the first electrode element, providing a first 
particular film portion to cover the first specific film 
portion, etching the first electrode-forming film with 

66 the block and the first particular film portion pre- 
venting the first specific film portion from being 
etched, etching the base block and the first particu- 
lar film portion while the first specific film portion Is 



PACE 12/62 * RCVD AT 3/24/2008 11:30:21 AM [Eastern Standard Time] • 8VR:U8PTO-EFXRF-1/15 * DNIS:2738300 * CSID: 5032744622 ■ DURATION (mm-ss):31<50 



03/24/06 08:36 FAX 5032744622 



MARGER JOHNSON 



©013 



3 EPO 



unetched, providing a second and a third particular 
film portion to cover the first specific film portion, 
forming a second electrode-forming film to cover 
the first specific film portion and the second and 
the third particular film portions, the second elec- 
trode-forming film being made of one of a conduc- 
tive material and a semiconductive material and 
having a second and a third specific film portion 
which are for forming the second and the third 
electrode elements, respectively, providing a fourth 
and a fifth particular film portion to cover the sec- 
ond and the third specific film portions, respec- 
tively, and etching the second electrode-forming 
film with the second, the third, the fourth, and the 
fifth particular film portions preventing the first the 
second, and the third specific film portions from 
being etched. 

Brief Description of the Drawing: 

Rg. 1 is a view for describing a conventional 
method of manufacturing a semiconductor de- 
vice comprising a DRAM cell; 
Fig. 2 is a plan view schematically illustrating a 
base member for use in a method according to 
a first embodiment of tills invention; 
Rg. 3 is a sectional view taken along a line Ill-Ill 
In Fig. 2; 

Rg. 4 is a sectional view for describing steps of 
forming a first and a second underlying film on 
the base member illustrated In Fig. 2; 
Fig. 5 is a schematic plan view for describing 
steps of partially deleting the second underlying 
film to form a support member on the first 
underlying film; 

Rg. 6 is a sectional view taken along a line Vi-Vt 
in Rg. 5; 

Rg. 7 is a view for describing steps of forming a 
DRAM cell on the base member by the use of 
the support member; 

Rg. 8 is a view for describing a method accord- 
ing to a second embodiment of this invention; 
Rg. 9 is a view for describing a method accord- 
ing to a third embodiment of this Invention; 
Rg. 10 is a view for describing a method ac- 
cording to a fourth embodiment of this invention; 
Fig. 11 is a view for describing a method ac- 
cording to a fifth embodiment of this invention; 
and 

Rg. 12 is a view for describing a method ac- 
cording to a sixth embodiment of this invention. 

Description of the Preferred Embodiments: 

Referring to Rg. 1, description will at first be 
made as regards a conventional method for a bet- 
ter understanding of this invention. The conven- 
tional method is of manufacturing a semiconductor 
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device comprising a DRAM cell known In the art. 

Referring to a sectional view labelled (a), the 
semiconductor device is manufactured by the use 
of a semiconductor chip having an Interlayer-in- 

5 sulating film 21. A silicon nitride film 22 is depos- 
ited on the Interlayer-insulating film 21 and has a 
principal surface 23. After a contact hole 24 is 
formed in the interlayer-insulating and the silicon 
nitride films 21 and 22, a polycrystal silicon film 

10 and a silicon oxide film are successively deposited 
on the silicon nitride film 22 and thereafter pat- 
terned to form a bottom electrode 26 and a block 
or a support member 27. Then, a polycrystal sili- 
con film 28 is deposited or formed as an electrode- 

15 forming film on the silicon nitride film 22, the 
bottom electrode 26, and the support member 27 
to cover them. 

Subsequently, anisotropic etching Is applied to 
remove the polycrystal silicon film 28 by a pre- 

20 determined thickness in a vertical direction per- 
pendicular to the principal surface 23. Thus, the 
polycrystal silicon film 28 is partially deleted from 
the support member 27 as illustrated in a sectional 
view labelled <b). As a result, a cylindrical electrode 

26 29 Is formed on the principal surface 23. 

Turning to a sectional view labelled (c), only 
the support member 27 is removed or deleted In 
the manner known In the art As a result, a cylin- 
drical space ts formed inside the cylindrical eJec- 

30 trode 29. 

Turning to a sectional view labelled (d), a di- 
electric film 31 (a silicon oxide film, a sIBcon nitride 
film, a composite film thereof, and so on) is formed 
to cover the silicon nitride film 22 and the bottom 

35 and the cylindrical electrodes 26 and 29. The di- 
electric film 31 Is one of a silicon oxide film, a 
silicon nitride film, a composite film thereof, and so 
on. In addition, a polycrystal silicon film 32 Is 
formed as an additional electrode on the dielectric 

40 film 31 . Thus, a stacked capacitor is obtained. 

The conventional method has a disadvantage 
as described in the preamble of the specification. 

Turning to Figs. 2 through 6. the description 
will be directed to a method according to a first 

45 embodiment of this invention. The method is of 
manufacturing a semiconductor device similar to 
the semiconductor device described referring to 
Rg. 1. The semiconductor device in question com- 
prises a DRAM cell known in the art. The DRAM 

so includes a bit line and a stacked capacitor above 
the bit line and therefore is generally called that of 
a stacked capacitor type, in the manner known In 
the art the stacked capacitor comprises a lower 
electrode, an upper electrode, and a dielectric film 

55 therebetween. The lower electrode is generally 
called a node electrode. The upper electrode is 
generally called a cell plate. 
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At first referring to Figs. 2 and 3, the descrip- 
tion will be made as regards a base member 40 
made by the use of a silicon substrate 41 of a p- 
type. An isolation oxide film 42 is formed on an 
upper surface of the silicon substrate 41 by the use 
of a selective oxidation method known in the art. 
The isolation oxide film 42 has a thickness of 400 
nanometers and define an active region. 

Next, a gate oxide film 43 is formed on an 
upper surface of the active region. After forming 
the gate oxide film 43. a plurality of word lines 44 
are formed in the silicon substrate 41 . Each of the 
word lines 44 is made of a poly crystal silicon film 
to have a thickness of 300 nanometers. Then, a 
plurality of n + -type diffusion layers 46 are formed 
by ton Implantation known in the art. 

Subsequently, a first interlayer-insulating film 
47 is formed. The first interlayer-insulating film 47 
contains silicon oxide as a main component there- 
of. A plurality of primary contact holes 48 are 
opened to reach then nMype diffusion layer 46 
through the gate oxide film 43 and the first inter- 
layer-insulating film 47. A plurality of bit lines 49 
are formed through the primary contact holes 48, 
respectively. Each of the bit lines 49 Is made of a 
polycide structure comprising a polycrystal silicon 
film and a tungsten slliclde film. 

Next, a second interlayer-insulating film 51 is 
formed. The second Interlayer-insulating film 51 
contains silicon oxide as a main component there- 
of. A silicon nitride film 52 is formed on the second 
Interlayer-insulating film 51 to have a thickness of 
100 nanometers. 

Subsequently, a plurality of secondary contact 
holes 53 are formed to reach the n*-type diffusion 
layer 46 through the silicon nitride, the second 
interlayer-insulating, the first interlayer-insulating, 
and the gatB oxide films 52. 51, 47, and 43. In the 
manner described above, the base member 40 is 
obtained and has a principal surface 40a. 

Turning to Rg. 4, a first underlying film 54 is 
formed on the principal surface 40a of the base 
member 40 to have a thickness of 100 nanometers. 
The first underlying film 54 is made of polycrystal 
silicon and extends In each of the secondary con- 
tact holes 53. Then, a second underlying film 56 is 
formed on the first underlying film 54 to have a 
thickness of 700 nanometers. The second under- 
lying film 54 is made of sificon oxide. 

Next, the description will be made as regards 
manufacturing of the lower electrode of the stacked 
capacitor. Referring to Figs. 5 and 6, a plurality of 
photoresist films 57 are formed as masks on the 
second underlying film 56 to have an interval of 0.5 
um by the use of photolithography known in the 
art. Each of the photoresist films 57 has a hexag- 
onal plane. It is assumed that the DRAM cell has a 
size of 1.25 um x 2.5 am while each of the word 



lines and the bit lines have a width of 0.5 um and 
an interval of 1.0 um. Next, the second underlying 
film 56 is etched with protection by the photoresist 
films 57 to form a plurality of blocks or support 

5 members 58 which are below the photoresist films 
57. Thereafter, the photoresist films 57 are re- 
moved from the support members 58. 

For simplicity, the description will hereinafter 
be made in conjunction with only a selected one of 

to the support members 53. 

Turning to Fig. 7, the description will proceed 
to the method according to this invention. Referring 
to a sectional view labelled <a), an electrode-for- 
ming film 61 is formed to cover the first underlying 

is film 54 and the selected support member that is 
designated by a reference numeral 58a. The elec- 
trode-forming film 61 is made of polycrystal silicon 
and is thinner than the second underlying film 56 to 
have a thickness of 100 nanometers. The elec- 

20 trode-forming film 61 has a specific film portion 
which cylindrically extends to surround the support 
member 58a. 

Next, a covering film 62 is formed on the 
electrode-forming film 61 to have a thickness of 

25 100 nanometers. The covering film 62 Is silicon 
oxide and has a particular film portion which ex- 
tends along the specific film portion. 

Anisotropic etching Is applied to the covering 
film 62 by the use of CF 4 gas. In this event, the 

30 covering film 62 is partially removed from the elec- 
trode-forming film 61 to leave the particular film 
portion as a protective wall 63 Illustrated in a sec- 
tional view labelled (b). 

Each of the first underlying and the electrode- 

35 forming films 54 and 61 is etched by applying an 
etching method which does not etch silicon oxide. 
In this event, it is to be noted that the specific film 
portion Is not substantially etched because the 
specific film portion Is covered with the particular 

40 film portion that is not etched by the etching meth- 
od. The etching method may be HBr plasma etch- 
ing. As a result of etching, the lower electrode is 
formed to have a cylindrical electrode 64 and a 
bottom electrode 66 as illustrated in a sectional 

46 view labelled (c). The cylindrical and the bottom 
electrodes 64 and 68 are not removed with protec- 
tion by the support member 58a and the protective 
wall 63 and are connected to each other. 

Next, the support member 58a and the protec- 

60 tive wall 63 are removed by the use of an etching 
solution containing hydrogen fluoride. As a result, 
the cylindrical and the bottom electrodes 64 and 66 
are exposed as illustrated in a sectional view label- 
led (d). Phosphorus of 5 x 10 15 cm" 2 is implanted 

55 by Ion implantation to render the cylindrical and the 
bottom electrodes 64 and 66 into an n + type. 

Turning to a sectional view labelled (a), a di- 
electric film 67 is formed to cover the cylindrical 
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and the bottom electrodes 64 and 66. Furthermore, 
an additional electrode-forming film 68 Is deposited 
on the dielectric film 67 to form an additional 
electrode as the upper electrode. The additional 
electrode-forming film 68 is made of potycrystal 
silicon. Thus, the DRAM cell of the stacked capaci- 
tor type is obtained. In practice, the DRAM cell 
achieves 60 fF/cell when the dielectric film 67 has 
a thickness corresponding to a level of 6 nano- 
meters in terms of a conventional oxide film. 

Turning to Fig. 8, the description will be di- 
rected to a method according to a second embodi- 
ment of this invention. The method is of manufac- 
turing a semiconductor device similar to the semi- 
conductor device described referring to Fig. 7. The 
semiconductor device in question comprises simi- 
lar parts designated by like reference numerals. 
The method is similar in process to that according 
to the first embodiment until forming the photores- 
ist films designated by a reference numeral 57 in 
Figs. 5 and 6. 

Referring to, together with Figs. 4, 5, and 6, a 
sectional view labelled <a), the second underlying 
and the first underlying films 54 and 56 are par- 
tially etched with the photoresist film 57 used as 
the mask. Thus, the support member 58a is formed 
on the bottom electrode 66 that Is formed on the 
silicon nitride film 52. Thereafter, the photoresist 
film 57 Is removed from the support member 58a. 

After removing the photoresist film 57, the 
electrode-forming and the covering films 61 and 62 
are successively formed as illustrated in a sectional 
view labelled (a). The electrode-forming film 61 has 
a thickness of 100 nanometers. The covering film 
62 has a thickness of 100 nanometers. The an- 
isotropic etching Is applied to the covering film 62 
by the use of Cf-U gas. As a result, the covering 
film 62 is partially removed from the electrode- 
forming film 61 to leave the particular film portion 
as the protective wall 63 illustrated in a sectional 
view labelled (b). 

After carrying out the anisotropic etching, the 
electrode-forming film 61 Is etched with protection 
by the protective wall 63. In this event, it is to be 
noted that the protective wall 63 Is not etched. As a 
result of etching, the electrode-forming film 61 Is 
partially removed from the support member 58a to 
leave the specific film portion as the cylindrical 
electrode 64 as illustrated in a sectional view label- 
led (c). The cylindrical electrode 64 has an axis 
peipendteular to the principal surface 40a. 

Next, the support member 58a and the protec- 
tive wall 63 are removed in the manner known in 
the art Thereafter, phosphorus Ion Implantation Is 
carried out. Thus, the lower electrode Is formed to 
have the cylindrical and the bottom electrodes 64 
and 66 as Illustrated In a sectional view labelled 
(d). It is to be noted here that the cylindrical 



360 A1 8 



electrode 64 has an inner surface connected to the 
bottom electrode 66. 

Turning to a sectional view labelled (e), the 
dielectric film 67 is formed to cover the cylindrical 

6 and the bottom electrodes 64 and 66. After forming 
the dielectric film 67. the additional electrode-for- 
ming film 68 is deposited on the dielectric film 67 
to form the additional or upper electrode. The addi- 
tional electrode-forming film 6B is made of poly- 

io crystal silicon. 

With this structure, the cylindrical electrode 64 
can be made higher than the cylindrical electrode 
that Is described referring to Fig. 7. Accordingly, a 
capacitance can be increased correspondingly. 

15 Turning to Fig. 9, the description will be di- 

rected to a method according to a third embodi- 
ment of this invention. The method is of manufac- 
turing a semiconductor device modified from the 
semiconductor device that is described referring to 

20 each of Figs. 7 and 8. The semiconductor device in 
question comprises similar parts designated by like 
reference numerals. 

The first electrode-forming film 61 Is referred to 
herein as a first electrode-forming film and has a 

26 first specific film portion which cylindrlcally extends 
to surround the support member 58a. In the man- 
ner described above, the protective wall 63 is 
formed to surround the first specific film portion of 
the first electrode-forming film 61. The protective 

30 wall 63 is referred to herein as a first particular film 
portion which extends along the first specific film 
portion. 

Although the support member 58a Is formed in 
the manner similar to the first embodiment, it has a 

35 plane of hexagonal which Is smaller than that of the 
support member in the first embodiment Each side 
of the plane is located 200 nanometers inside from 
each side of the support member 58a. The elec- 
trode-forming film 61 has a thickness of 100 nano- 

40 meters. The protective wall 63 has a thickness of 
100 nanometers. 

After forming the protective wall 63, second 
electrode-forming and second covering films 71 
and 72 are successively deposited without carrying 

45 out the etching of the first underlying and the first 
electrode-forming films 54 and 61 as Illustrated In a 
sectional view labelled (a). The second electrode- 
forming film 71 is made of potycrystal silicon and 
has a thickness of 100 nanometers. The second 

50 electrode-forming film 71 has a second specific 
film portion which cylindrically extends to surround 
the protective portion 63. 

The second covering film 72 is made of silicon 
oxide and has a thickness of 100 nanometers. The 

55 second covering him 72 has a second particular 
film portion which extends along the second spe- 
cific film portion. 
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Next, the anisotropic etching is applied to the 
second covering film 72. As a result the second 
covering film 72 is partially removed to leave the 
second particular film portion as an additional pro- 
tective wall 73 as illustrated in a sectional view 
labelled (b). 

Each of the first underlying, the first electrode- 
forming, the second electrode forming films 54, 61, 
and 71 is selectively etched by HBr plasma etching 
with protection by the protective films 63 and 73. 
As a result, the cylindrical and the bottom elec- 
trodes 64 and 66 are formed. It is to be noted here 
that the cylindrical electrode 64 comprises first and 
second electrode elements 64a and 64b as illus- 
trated in a sectional view labelled (c). Each of the 
first and the second electrode element 64a and 
64b Is cylindrical around an axis perpendicular to 
the principal surface 40a. 

Next, the support member 58a and the protec- 
tive films 63 and 73 are removed by the use of an 
etching solution of fluoric add In the manner known 
in the art. In addition, phosphorus ion implantation 
is carried out 

Turning to a sectional view labelled (d), the 
dielectric film 67 is formed to cover the cylindrical 
and the bottom electrodes 64 and 66. Furthermore, 
the additional electrode-forming film 68 is depos- 
ited on the dielectric film 67 to form the additional 
or upper electrode. Thus, a two-fold cylindrical 
stacked capacitor is obtained. 

Generally, an n-fold cylindrical electrode and a 
bottom electrode are formed by repeating n times, 
after formation of a support member, a set of steps 
comprising formation of a polycrystal silicon film 
and formation of a protective wall, and by selec- 
tively removing the polycrystal silicon film. 

Turning to Fig. 10, the description will be di- 
rected to a method according to a fourth embodi- 
ment of this invention. The method is of manufac- 
turing a semiconductor device similar to the semi- 
conductor device described referring to Fig. 9. The 
semiconductor device in question comprises simi- 
lar parts designated by like reference numerals. 

In the manner described above, the bottom 
electrode 66 and the first electrode element 64a 
are formed on the principal surface 40a. After for- 
ming the bottom electrode 66 and the first elec- 
trode element 64a. the second electrode-forming 
and the second covering films 71 and 72 are 
successively formed as illustrated in a sectional 
view labelled (a). The second electrode-forming 
film 71 has a thickness of 100 nanometers. The 
second covering film 72 has a thickness of 100 
nanometers. 

The second covering film 72 is subjected to 
the anisotropic etching to form the additional pro- 
tective wail 73 as illustrated In a sectional view 
labelled (b). Subsequently, the second electrode- 



forming film 71 is etched with protection by the 
additional protective wall 73 to form the second 
electrode element 64b as illustrated in a sectional 
view labelled (c). Each of the first and the second 
s electrode elements 64a and 64b is cylindrical ar- 
ound an axis perpendicular to the principal surface 
40a. It is to be noted that the second electrode 
element 64b Is connected to the first electrode 
element 64a. 

ro In addition, phosphorus ion implantation is car- 

ried out Thus, formation of the lower electrode is 
completed as illustrated in a sectional view labelled 
<d>. 

Turning to a sectional view labelled (e), the 

16 dielectric film 67 is formed to cover the cylindrical 
and the bottom electrodes 64 and 66. Furthermore, 
the additional electrode-forming film 68 is depos- 
ited on the dielectric film 67 to form the additional 
or upper electrode. Thus, the two-fold cylindrical 

20 stacked capacitor Is obtained. 

The second electrode element 64b has a 
height of about 200 nanometers higher than mat in 
the third embodiment. Accordingly, a capacitance 
can be greater than each stacked capacitor that is 

25 described above. 

Generally, an n-fold cylindrical electrode is 
formed by repeating n times, after formation of a 
support member and a bottom electrode, a set of 
steps of successively forming a polycrystal silicon 

30 film and a silicon oxide film, carrying out etching, 
and forming a cylindrical electrode and a protective 
walL 

Turning to Fig. 11, the description will be di- 
rected to a method according to a fifth embodiment 
as of this invention. The method is of manufacturing a 
semiconductor device modified from the semicon- 
ductor device that Is described referring to Fig. 10. 
The semiconductor device in question comprises 
similar parts designated by like reference numer- 
40 als. In the mariner described above, the protective 
wall 63 is formed to surround the first specific 
portion of the first-electrode forming film 61. The 
protective wall 63 will be called hereafter a first 
protective wall. 
45 Returning back to Rg. 5 shortly, each of the 
photoresist films 57 has two sides which obliquely 
intersect each of the word lines 44 and has a 
distance therebetween. The distance is designed 
between 750 and 800 nanometers, 
so Referring to a sectional view labelled (a) in Fig. 
11, the support member 58a and the first elec- 
trode-forming film 61 are formed on the principal 
surface 40a so that the first electrode-forming film 
61 covers the support member 58a. The first pre- 
ss tective wall 63 is cylindrical^ formed to surround 
the first electrode-forming film 61 . 

The first electrode-forming film 61 Is etched 
with protection by the first protective wall 63 in the 
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manner described above. As a result of etching, 
the first electrode-forming film 61 is removed from 
the support member 58a to leave the first specific 
film portion as the first electrode element 64a as 
illustrated in a sectional view labelled (b). 

Next, the support member 58a and the first 
protective wall 63 are removed in the manner 
known in the art. After removing the support mem- 
ber 58a and the protective wail 63. a second cover- 
ing film 76 is formed on the first underlying film 54 
and the first electrode element 64a as illustrated in 
a sectional view labelled (c). The second covering 
film 76 is made of silicon oxide and has a thick- 
ness of 100 nanometers. The second covering film 

76 has a second and a third particular film portion 
which will become clear In the following. 

Subsequently, the second covering film 76 is 
subjected to the anisotropic etching. As a result, 
the second covering film 76 is partially removed to 
leave the second and the third particular film por- 
tions as the second and the third protective walls 

77 and 78 as Illustrated in a sectional view labelled 
<d). Then, second electrode-forming and third cov- 
ering films 81 and 82 are successively formed. The 
second electrode-forming film 81 Is made of poly- 
crystal silicon and has a thickness of 100 nano- 
meters. The third covering film 82 Is made of 
silicon oxide and has a thickness of 200 nano- 
meters. It is desirabfe to select the thickness of the 
third covering film 82 so that the third covering film 
82 has an upper surface which Is substantially flat 
within the first electrode element 64a. The third 
covering film 82 has a fourth and a fifth particular 
film portion which will become clear in the follow- 
ing. 

The third covering film 82 is subjected to the 
anisotropic etching. As a result, the third covering 
film 82 is partially removed to leave the fourth and 
the fifth particular film portions as fourth and fifth 
protective walls 83 and 84. 

Next the first underlying and the second elec- 
trode-forming films 54 and 81 are partially etched 
to form the bottom electrode 66 and the second 
and a third electrode element 64b and 64c as 
illustrated in a sectional view labelled (e). In this 
event, the first specific film portion is slightly 
etched to form the first electrode element 64a. The 
third electrode element 64c is cylindrical around an 
axis perpendicular to the principal surface 40a. It is 
to be noted that the first electrode element 64a has 
a height reduced. 

Subsequently, the second, the third, the fourth, 
and the fifth protective walls 77, 7B» 83. and 84 are 
removed. Phosphorus ion implantation is carried 
out. 

Turning to a sectional view labelled (f). the 
dielectric film 67 is formed to cover the cylindrical 
and the bottom electrodes 64 and 68. Furthermore. 



the additional electrode-forming film 68 is depos- 
ited on the dielectric film 67 to form the additional 
or upper electrode. Thus, a three-fold cylindrical 
stacked capacitor Is obtained. 

6 Generally, a (2n + 1 Hold cylindrical electrode is 

formed by carrying out n sets of steps, each set 
comprising the steps of at first forming one elec- 
trode element, forming protective walls Inside and 
outside thereof, respectively, forming a polycrystal 

w silicon film, and forming another protective wall. In 
this event, formation of a bottom electrode is com- 
pleted when etching is carried out to form a last 
electrode element 

Turning to Fig. 12, the description will be di- 

75 rected to a method according to a second embodi- 
ment of this invention. The method is of manufac- 
turing a semiconductor device similar to the semi- 
conductor device that is described referring to Fig. 
11. The semiconductor device in question com- 

20 prises similar parts designated by like reference 
numerals. 

Referring to a sectional view labelled (a), the 
bottom electrode 66 and the first electrode element 
B4a are formed In the manner described above. 

25 Then, the second covering film 76 Is formed on the 
bottom electrode 66 and the first electrode element 
64a to have a thickness of 100 nanometers. After 
forming the second covering film 76, the an- 
isotropic etching is carried out to form the second 

30 and the third protective walls 77 and 78 as illus- 
trated In a sectional view labelled (b). Next, the 
second electrode-forming and the third covering 
films 81 and 82 are successively formed. The 
second electrode-forming film 81 has a thickness 

36 of 100 nanometers. The third covering film 82 has 
a thickness of 200 nanometers. 

Then, the third covering film 82 Is subjected to 
the anisotropic etching. As a result of the an- 
isotropic etching, the fourth and the fifth protective 

40 walls 83 and 64 are formed as illustrated In a 
sectional view labelled (c). Subsequently, the sec- 
ond electrode-forming film 81 is partially etched to 
form the second and the third electrode elements 
64b and 64c. In this event the first electrode 

«5 element 64a is reduced In height. The second, the 
third, the fourth, and the fifth protective walls 77, 
78, 83. and 84 are removed. Phosphorus ion im- 
plantation is carried out. 

Turning to a sectional view labelled (d), the 

so dielectric firm 67 is formed to cover the cylindrical 
electrode 64 and the bottom electrode 66. Further- 
more, the additional electrode-forming film 68 is 
deposited on the dielectric film 67 to form the 
additional or upper electrode. Thus, the three-fold 

55 cylindrical stacked capacitor is obtained. 

In the three-fold cylindrical stacked capacitor, a 
capacitance is increased inasmuch as the second 
electrode element 64b is higher than the second 
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electrode element that is described referring to Fig. 
11. The lower electrode can be formed through the 
steps less in number than in the process o1 the 
fourth embodiment. 

Generally, a (2n + l)-fold cylindrical electrode is 
formed by repeating n times a process comprising 
the steps of at first forming one electrode element, 
forming protective walls inside and outside thereof, 
respectively, forming a polycrystal silicon film, for- 
ming another protective wall, and forming two other 
electrode elements. 

While the present invention has thus far been 
described in connection with a few embodiments 
thereof, it will readily be possible for those skilled 
in the art to put this invention into practice in 
various other manners. For example, the poly- 
crystal silicon film may be replaced by a high- 
melting-point metal film such as tungsten or a 
silicide film thereof. It is possible to manufacture a 
semiconductor device such as SCF known in the 
art. Any other appropriate technique (diffusion, ad- 
dition during deposition, or the like) may be used In 
place of ion implantation. Use can be made of 
elements such as arsenic, boron, and germanium 
belonging to the groups 3, 4, and 5. In the DRAM 
cell, a conductor type of doping Is preferably same 
as that of the diffusion layer connecting the lower 
electrode. 

Claims 

1. A method of manufacturing a semiconductor 
device having a principal surface and a cylin- 
drical electrode on said principal surface, said 
method including the steps of forming a block 
on said principal surface, forming an electrode- 
forming film to cover said block, and partially 
deleting said electrode-forming film from said 
block to produce said cylindrical electrode, 
said electrode-forming film being made of one 
of a conductive material and a semiconduetive 
material and having a specific film portion 
which is for forming said cylindrical electrode, 
wherein said partially deleting step comprises 
the steps of: 

forming a covering film to cover said elec- 
trode-forming film; 

etching said covering film so that said cov- 
ering film has a particular film portion which is 
unetched to cover said specific film portion; 
and 

etching said electrode-forming film with 
said block and said particular film portion pre- 
venting said specific film portion from being 
etched. 

2. A method as claimed in Claim 1, further com- 
prising the steps of: 



360 A1 14 



etching said block and said particular film 
portion while said specific film portion is un- 
etched to produce said cylindrical electrode. 

5 3. A method as claimed in Claim 2. further com- 
prising the steps of: 

forming a dielectric film on said cylindrical 
electrode; and 

forming an additional electrode on said 
70 dielectric film, said additional electrode being 

made of one of a conductive material and a 
semiconduetive material. 

4. A method as claimed in Claim 1. further com- 
75 prising the steps of: 

forming a block-forming layer on said prin- 
cipal surface; 

forming a predetermined mask member on 
said block-forming layer to make said block- 
20 forming layer have a particular layer portion 

which Is not covered with said predetermined 
mask member; and 

deleting said particular layer portion with 
reference to said predetermined mask member 
25 to produce said block. 

5. A method as claimed in Claim 1, further com- 
prising the steps of: 

forming a mask-forming layer on said 
so block-forming layer; 

forming an additional mask member on 
said mask-forming layer to make said mask- 
forming layer have a specific layer portion 
which Is not covered with said additional mask 
35 member; and 

deleting said specific layer portion with 
reference to said additional mask member to 
produce said predetermined mask member. 

40 6. A method of manufacturing a semiconductor 
device having a principal surface and a cylin- 
drical electrode on said principal surface, said 
cylindrical electrode having a first and a sec- 
ond electrode element each of which is cylin- 

46 dricat around an axis perpendicular to said 

principal surface, said method comprising the 
steps of: 

forming a block on said principal surface; 

forming a first electrode-forming film to 
bo cover said block, said first electrode-forming 

film being made of one of a conductive ma- 
terial and a semiconduetive material and hav- 
ing a first specific fOm portion which is for 
forming said first electrode element; 
ss providing a first particular film portion to 

cover said first specific film portion; 

forming a second electrode-forming film to 
cover said first electrode-forming film and said 



PAGE 18/62 ' RCVD AT 3/24/2006 11:30:21 AM [Eastern Standard Time] • 6VR:USPTO-EFXRF-1/15 ■ DNIS:2738300 ■ CSID:5032744622 " DURATION <mm-SS):31-30 



03/24/06 08:40 FAX 5032744622 



MARGER JOHNSON 



81019 



15 



EP 0 595 360 A1 



16 



first particular film portion, said second elec- 
trode-forming film being made of one of a 
conductive material and a semi conductive ma- 
terial and having a second specific film portion 
which is for forming said second electrode 
element; 

providing a second particular film portion 
to cover said second specific film portion; and 

etching said first and said second elec- 
trode-forming films with said block and said 
first particular film portion preventing said first 
specific film portion from being etched and 
with said first and said second particular film 
portions preventing said second specific film 
portion from being etched. 

7. A method as claimed in Claim 6, wherein said 
first-mentioned providing step further com- 
prises the steps of: 

forming a first covering film to cover said 
first electrode-forming film, said first covering 
film having said first particular film portion; and 

etching said first covering film so that said 
first particular film portion is unetched to cover 
said first specific film portion. 

& A method as claimed in Claim 6. wherein said 
second-mentioned providing step further com- 
prises the steps of: 

forming a second covering film to cover 
said second electrode-forming film, said sec- 
ond covering film having said second particular 
film portion; and 

etching said second covering film so that 
said second particular film portion is unetched 
to cover said second specific film portion. 

9. A method as claimed in Claim 6, further com- 
prising the steps of: 

etching said block and said first and said 
second particular film portions while said first 
and said second specific film portions are un- 
etched to produce said first and said second 
electrode elements, respectively. 

10. A method as claimed in Claim 9, further com- 
prising the steps of: 

forming a dielectric film on each of said 
first and said second electrode elements; and 

forming an additional electrode on said 
dielectric film, said additional electrode being 
made of one of a conductive material and a 
semiconductive material. 

11- A method of manufacturing a semiconductor 
device having a principal surface and a cylin- 
drical electrode on said principal surface, said 
cylindrical electrode having a first a second. 



and a third electrode element each of which is 
cylindrical around an axis perpendicular to said 
principal surface, said method comprising the 
steps of: 

6 forming a block on said principal surface; 

forming a first-electrode-form ing film to 
cover said block, said first electrode-forming 
film being made of one of a conductive ma- 
terial and a semiconductive material and hav- 
70 ing a first specific film portion which is for 

forming said first electrode element; 

providing a first particular film portion to 
cover said first specific film portion; 

etching said first electrode-forming film 
T5 with said block and said first particular film 

portion preventing said first specific film por- 
tion from being etched; 

etching said base block and said first par- 
ticular film portion while said first specific film 
20 portion Is unetched; 

providing a second and a third particular 
film portion to cover said first specific film 
portion; 

forming a second electrode-forming film to 

25 cover said first specific film portion and said 

second and said third particular film portions, 
said second electrode-forming film being made 
of one of a conductive material and a semlcon- 
ductfve material and having a second and a 

30 third specific film portion which are for forming 

said second and said third electrode elements, 
respectively; 

providing a fourth and a fifth particular film 
portion to cover said second and said third 

as specific film portions, respectively; and 

etching said second electrode-forming film 
with said second, said third, said fourth, and 
said fifth particular film portions preventing 
said first said second, and said third specific 

40 film portions from being etched. 

12. A method as claimed in Claim 11. wherein said 
first-mentioned providing step comprises the 
steps of: 

45 forming a first covering film to cover said 

first electrode-forming film, said first covering 
film having said first particular film portion; and 
etching said first covering film so that said 
first particular film portion is unetched to cover 

so said first specific film portion. 

13* A method as claimed in Claim 11, wherein said 
second-mentioned providing step comprises 
the steps of: 

55 forming a second covering film to cover 

said first specific film portion, said second cov- 
ering film having said second and said third 
particular film portions; and 
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etching said second covering film so that 
said second and said third particular film por- 
tions are unetched to cover said first specific 
film portion. 

6 

14. A method as claimed in Claim 11, Wherein 
said third-mentioned providing step comprises 
the steps of: 

forming a third covering film to cover said 
second electrode-forming film, said third cover- to 
ing film having said fourth and said fifth par- 
ticular film portions: and 

etching said third covering film so that said 
fourth and said fifth particular film portions are 
unetched to cover said second and said third 76 
specific film portions, respectively. 

15. A method as claimed in Claim 11, further com- 
prising the steps of: 

etching said second, said third, said fourth, 20 
and said fifth particular film portions while said 
first, said second, and said third specific film 
portions are unetched to produce said first, 
said second, and said third electrode elements, 
respectively. 25 

16. A method as claimed In Claim 15, Further 
comprising the steps of: 

forming a dielectric film on said cylindrical 
electrode; and 30 

forming an additional electrode on said 
dielectric film, said additional electrode being 
made of one of a conductive material and a 
sem {conductive material. 

as 



40 



45 



so 



55 



10 
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